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DETAILED ACTION 

This office action is in response to the Election filed October 25, 2005. 

Election/Restrictions 

Applicant's election of claims 1-47 in the paper filed October 25, 2005 is acknowledged. 
Because applicant did not distinctly and specifically point out the supposed errors in the 
restriction requirement, the election has been treated as an election without traverse (MPEP 
§ 818.03(a)). 

Claims 48-56 are withdrawn fi*om further consideration pursuant to 37 CFR 1 . 142(b) as 
being drawn to a nonelected invention, there being no allowable generic or Unking claim. 
Election was made without traverse in the paper filed October 25, 2005. 

Claim Rejections - 35 USC § 102 
The following is a quotation of the appropriate paragraphs of 35 U.S. C. 102 that form the 
basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in pubUc use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
m the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 35 1(a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 2 1 (2) of such treaty in the English language. 

Claims 1, 6, 8-14, 16-22, 25, 26, 35-41, 46 and 47 are rejected under 35 U.S.C. 102(e) as 
being anticipated by Ahn et al (US 6,699,799). 

Regarding claim 1, Ahn discloses etching a trench in a substrate (10), wherein the trench 
has a base and walls, depositing an amorphous silicon liner (49) on surfaces of the trench, filling 
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the trench with a dielectric material (51), and densifying the dielectric material with a process 
that will cause the liner to become oxidized (col. 5, In. 51 - col. 6, In. 16). Ahn does not 
specifically disclose that oxidation of the amorphous silicon liner causes the liner to expand. 
However, Applicant's specification states that amorphous silicon expands uniformly upon 
oxidation (para. 0021). Therefore, it appears that oxidation of the amorphous silicon liner of 
Ahn will inherently cause the liner to expand. 

Regarding claim 6, Ahn discloses depositing a nitride layer (47) on the substrate before 
depositing the liner and after etching the trench (col. 5, In. 60-61). 

Regarding claim 8, Ahn discloses depositing an insulating oxygen barrier layer (47) on 
the substrate before depositing the liner and after etching the trench (col. 5, In. 60-61). 

Regarding claims 9 and 10, Ahn discloses that the liner is made of amorphous silicon and 
the hner is oxidized. Ahn does not specifically disclose that oxidation of the amorphous silicon 
liner causes the liner to expand. However, Applicant's specification states that amorphous 
silicon expands uniformly upon oxidation (para. 0021). Therefore, it appears that oxidation of 
the amorphous silicon liner of Ahn will inherently cause the liner to expand. 

Regarding claims 1 1 and 12, Ahn discloses that the amorphous silicon hner is 50-300 A 
thick (col. 5, In. 64-66). 

Regarding claims 13, Ahn discloses that filling dielectric material in the trench is done by 
applying a liquid to the substrate (col. 4, In. 20-46). 

Regarding claim 14, Ahn discloses that filling dielectric material in the trench is done by 
using a spin-on deposition process (col. 5, In. 66 - col. 6, In. 6). 



Application/Control Number: 1 0/782,997 Page 4 

Art Unit: 2822 

Regarding claims 16, 17, 46 and 47, Ahn discloses that densifying the dielectric material 
causes shrinkage of approximately 20% (col. 5, In. 2-4). 

Regarding claim 18, Ahn discloses that densifying the dielectric material involves 
oxidizing the dielectric material (col. 5, In. 7-9). 

Regarding claim 19, Ahn discloses oxidizing the liner, which inherently expands the liner 
(col. 6, In. 10-15). 

Regarding claim 20, Ahn discloses that the oxidizing includes curing in a steam ambient 
environment in a curing chamber (col. 2, In. 49-61). 

Regarding claim 21, Ahn discloses that the curing can begin at an initial temperature of 
80-350X (col. 4, hi. 49-50). 

Regarding claim 22, Ahn discloses that the curing can be completed at a target 
temperature of 700-lOOOX (col. 4, In. 56-57). 

Regarding claims 25 and 26, Ahn discloses annealing the substrate in an oxygen 
environment for 10-60 minutes at a temperature of 1000°C. 

Regarding claim 35, Ahn discloses lining a trench with an amorphous silicon liner (49), 
filling the trench with a dielectric filler (51), and densifying the dielectric material with a process 
that will cause the Uner to become oxidized (col. 5, In. 51 - col. 6, In. 16). Ahn does not 
specifically disclose that oxidation of the amorphous silicon liner causes the liner to expand. 
However, Applicant's specification states that amorphous silicon expands uniformly upon 
oxidation (para. 0021). Therefore, it appears that oxidation of the amorphous silicon liner of 
Ahn will inherently cause the hner to expand. 
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Regarding claim 36, Ahn discloses lining the trench with an oxygen barrier (47) before 
lining the trench with an expandable liner. 

Regarding claim 37, Ahn discloses that the oxygen barrier layer is made of silicon nitride. 
Regarding claim 38, Ahn discloses that the expandable liner is made of amorphous 

silicon. 

Regarding claim 39, Ahn discloses that the dielectric filler is applied as a Uquid. 
Regarding claim 40, Ahn discloses that the dielectric filler is applied by spin-on 
deposition. 

Regarding claim 41, Ahn discloses that expanding the liner while contracting the filler 
involves oxidation. 

Claims 35, 38 and 41 are rejected under 35 U.S.C. 102(b) as being anticipated by Yu et 

al. (US 5,869,384). 

Regarding claim 35, Yu discloses lining a trench with an expandable liner, filling the 
trench with a dielectric filler, and expanding the Uner while contracting the filler (Abstract; col. 
6, In. 56 - col. 8, In. 25). 

Regarding claim 38, Yu discloses that the expandable liner can be amorphous silicon 
(col. 7, In. 9-11). 

Regarding claim 41, Yu discloses that expanding the Uner while contracting the filler is 
done by oxidation (col. 8, In. 7-13). 

Claim Rejections - 35 USC §103 
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The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 2 and 3 are rejected under 35 U.S.C. 103(a) as being unpatentable over Ahn et al. 
(US 6,699,799) in view of Kim et al. (US 6,461,937). 

Regarding claim 2, Ahn discloses forming an oxide layer (41) on the surface of the 
substrate before etching the trench, but Ahn does not disclose how the oxide layer is formed. 
Like Ahn, Kim discloses a process of forming a shallow trench isolation structure in a 
semiconductor substrate. Kim teaches that a pad oxide can be formed on the substrate by 
thermally oxidizing the surface of the substrate (col. 5, In. 49-52). At the time of the invention, it 
would have been obvious to one of ordinary skill in the art to thermally oxidize the substrate of 
Ahn to form the pad oxide layer, as is taught by Kim, because Ahn does not teach any particular 
method of forming the pad oxide and formation of the pad oxide by thermal oxidation is well- 
known and conventional in the art. 

Regarding claim 3, Ahn discloses depositing a layer of silicon nitride (43) over the pad 
oxide before etching the trench. 

Claims 4 and 5 are rejected under 35 U.S.C. 103(a) as being unpatentable over Ahn et al. 
(US 6,699,799) in view of Hokozono (US 6,956,276). 

Regarding claim 4, Ahn discloses etching the trench but does not disclose the etching 
method. Like Ahn, Hokozono discloses a process of forming a shallow trench isolation structure 
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in a semiconductor substrate. Hokozono teaches that the trench can be formed in the substrate 
by etching the substrate using RIE (col. 9, In. 45-52). At the time of the invention, it would have 
been obvious to one of ordinary skill in the art to etch the substrate of Ahn to form a trench using 
RIE because Ahn does not teach any particular method of etching the trench and Hokozono 
teaches the RIE can successfully etch the shallow isolation trench. 

Regarding claim 5, Ahn discloses oxidizing the walls of the trench to form an oxide layer 

(45). 

Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Ahn et al. (US 
6,699,799) in view of Lee et al. (US 6,500,726). 

Regarding claim 7, Ahn does not disclose the thickness of the nitride layer. Like Ahn, 
Lee discloses forming a shallow trench isolation structure having a nitride oxidation barrier layer 
therein. Lee discloses that in order to serve as a successful oxidation barrier layer, the nitride 
layer should have a thickness of 50-lOOA thick (col. 6, In. 58-66). At the time of the invention, it 
would have been obvious to one of ordinary skill in the art to form the nitride layer of Ahn such 
that it is 50- 100 A thick because Ahn discloses using the nitride layer as an oxidation barrier layer 
and Lee discloses that a nitride layer used as an oxidation barrier layer should have a thickness of 
50-lOOA. 

Claims 23 and 24 are rejected under 35 U.S.C. 103(a) as being unpatentable over Ahn et 
al. (US 6,699,799). 

Regarding claims 23 and 24, Ahn does not disclose the rate at which the temperature is 
changed from its initial curing temperature to its final cure temperature. At the time of the 
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invention, it would have been obvious to one of ordinary skill in the art to use routine 
experimentation to determine an appropriate temperature ramping rate for the curing step 
disclosed by Ahn, depending upon the cure time and the amount of solvent in the SOG layer. 

Claims 1-5, 9-12 and 15-19 are rejected under 35 U.S. C. 103(a) as being unpatentable 
over Yu et al. (US 5,869,384) in view of Hokozono (US 6,956,276). 

Regarding claim 1, Yu discloses forming a trench in a substrate (10), wherein the trench 
has a base and walls, depositing a liner (16) on surfaces of the trench, filling the trench with a 
dielectric material (18), and densifying the dielectric material with a process that will cause the 
liner to expand (Abstract; col. 6, In. 56 - col. 8, In. 25). Yu does not specifically disclose etching 
the substrate to form the trench. Like Yu, Hokozono discloses a process of forming a shallow 
trench isolation structure in a semiconductor substrate. Hokozono teaches that the trench can be 
formed in the substrate by etching the substrate (col. 9, In. 45-52). At the time of the invention, 
it would have been obvious to one of ordinary skill in the art to etch the substrate of Yu to form a 
trench, as is taught by Hokozono, because Yu does not teach any particular method of forming 
the trench and formation of the trench by etching is well-known and conventional in the art. 

Regarding claims 2 and 3, Yu discloses growing a layer of thermal oxide (12a/12b/12c) 
on the surface of the wafer and depositing a layer of silicon nitride (14a/14b/14c) over the 
thermal oxide, but Yu does not specifically disclose that these layers are formed before etching 
the trench (col. 6, In. 13-16). Hokozono teaches a shallow trench isolation is formed by 
depositing an oxide layer on the surface of the substrate, depositing a nitride layer on the oxide 
layer and then using lithography to etch the trench. At the time of the invention, it would have 
been obvious to one of ordinary skill in the art to form the thermal oxide and nitride layers of Yu 
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on the substrate before etching the trench, as is taught by Hokozono, in order that the nitride 
layer can be used as a mask for etching the trench. 

Regarding claim 4, Hokozono discloses that the trench is etched using RIB (col. 9, In. 45- 

49). 

Regarding claim 5, Yu discloses that the inside of the trench is oxidized after trench 
formation (col. 6, In. 29-35). 

Regarding claim 9, Yu discloses that the hner expands upon oxidation (col. 8, In. 7-13). 
Regarding claim 10, Yu discloses that the liner can be amorphous silicon (col. 7, In. 9- 

11). 

Regarding claim 1 1, Yu discloses that the amorphous silicon liner is about 150-250 A 
thick (col. 7, In. 9-11). 

Regarding claim 12, Yu does not disclose that the thickness of the amorphous silicon 
liner is 50-100 A. Yu discloses that the amorphous silicon liner is oxidized to compensate for 
the densification of the oxide trench fQl material. Therefore, at the time of the invention, it 
would have been obvious to one of ordinary skill in the art to use routine experimentation to 
determine an appropriate thickness for the amorphous silicon liner layer, depending upon how 
much the trench fill material densifies. 

Regarding claim 15, Yu discloses that the trench fill dielectric material is deposited using 
a chemical vapor deposition process (col. 7, In. 21-34). 

Regarding claims 16 and 17, Yu discloses densifying the dielectric material, but does not 
disclose the exact amount of densification. At the time of the invention, it would have been 
obvious to one of ordinary skill in the art to use routine experimentation to determine an 



Application/Control Number: 10/782,997 Page 10 

Art Unit: 2822 

appropriate amount of densification of the dielectric material, depending upon the length and 
temperature of the densification anneal. 

Regarding claim 18, Yu discloses that the dielectric material is densified in an oxygen 
atmosphere, and, thereby, the liner is oxidized. But Yu does not specifically disclose that the 
dielectric material is oxidized. However, because the dielectric material is subjected to an anneal 
in an oxygen atmosphere, it appears that the dielectric material will inherently be oxidized to 
some degree. 

Regarding claim 19, Yu discloses that expanding the liner is performed by oxidizing the 
liner (col. 8, In. 7-8). 

Claims 6-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over Yu et al. (US 
5,869,384) in view of Hokozono (US 6,956,276), as appUed to claim 1 above, and further in 
view of Lee et al. (US 6,500,726). 

Regarding claims 6 and 8, Yu does not disclose depositing a nitride layer on the substrate 
before depositing the hner and after etching the trench. Like Yu, Lee discloses a process of 
forming a shallow trench isolation structure in a semiconductor substrate. Lee teaches that it is 
conventional in the art to form an insulating nitride layer over the inside of the trench prior to 
deposition of the isolation fill layer because the nitride layer serves the purpose of acting as an 
oxygen barrier, thereby preventing the sides of the trench from oxidizing and damaging the 
substrate (col. 1 , In. 20-40). At the time of the invention, it would have been obvious to one of 
ordinary skill in the art to form a nitride layer in the trench of Yu before forming the liner, as is 
taught by Lee, because Lee teaches that the nitride layer offers the advantage of preventing the 
substrate from oxidizing. 
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Regarding claim 7, Lee discloses that the nitride layer is preferably 50- 100 A thick (col. 6, 
In. 58-66). 

Claims 36 and 37 are rejected under 35 U.S.C. 103(a) as being unpatentable over Yu et 
al (US 5,869,384) in view of Lee et al. (US 6,500,726). 

Regarding claims 36 and 37, Yu does not disclose depositing a nitride layer on the 
substrate before depositing the liner and after etching the trench. Like Yu, Lee discloses a 
process of forming a shallow trench isolation structure in a semiconductor substrate. Lee teaches 
that it is conventional in the art to form an insulating silicon nitride layer over the inside of the 
trench prior to deposition of the isolation fill layer because the nitride layer serves the purpose of 
acting as an oxygen barrier, thereby preventing the sides of the trench from oxidizing and 
damaging the substrate (col. 1, In. 20-40). At the time of the invention, it would have been 
obvious to one of ordinary skill in the art to form a silicon nitride layer in the trench of Yu before 
forming the liner, as is taught by Lee, because Lee teaches that the nitride layer offers the 
advantage of preventing the substrate from oxidizing. 

Claims 46 and 47 are rejected under 35 U.S.C. 103(a) as being unpatentable over Yu et 
al. (US 5,869,384). 

Regarding claims 46 and 47, Yu discloses densifying the dielectric material, but does not 
disclose the exact amount of densification. At the time of the invention, it would have been 
obvious to one of ordinary skill in the art to use routine experimentation to determine an 
appropriate amount of densification of the dielectric material, depending upon the length and 
temperature of the densification anneal. 



Application/Control Number: 10/782,997 
Art Unit: 2822 



Page 12 



Allowable Subject Matter 

Claims 27-34 are allowed. 

Claims 42-45 are objected to as being dependent upon a rejected base claim, but would 
be allowable if rewritten in independent form including all of the limitations of the base claim 
and any intervening claims. 

The primary reason for the allowance of claims 27-34 and the indication of the allowable 
subject matter of claims 42-45 is the inclusion therein, in combination as currently claimed, of 
the limitation of curing the dielectric material in a steam ambient at a temperature of 200-600*^C 
and ramping up to 800-1200°C. This Umitation is found in claims 27-34 and 42-45 and is 
neither disclosed nor taught by the prior art of record, alone or in combination. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Christy L. Novacek whose telephone number is (571) 272-1839. 
The examiner can normally be reached on Monday-Thursday and altemate Fridays 7:30 - 5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Zandra Smith can be reached on (571) 272-2429. The fax phone number for the 
organization where this application or proceeding is assigned is (571) 273-8300. 



Application/Control Number: 10/782,997 



Page 13 



Art Unit: 2822 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published appUcations 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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